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&17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&1@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
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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P9DQG
P$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,QWURGXFWLRQ
&OHQEXWHURO LV DQ DQWLELRWLF WKDW LQLWLDOO\ EHLQJ XVH WR LQGXFH EURQFKRGLODWLRQ IRU FXULQJ GLVHDVHV
DVVRFLDWHGZLWKUHVSLUDWRU\SDWKZD\>@+RZHYHUWKLVDQWLELRWLFLVEHLQJLOOHJDOO\PLVXVHDVHQKDQFHUVRI
PHDWSURGXFWLRQ LQSRXOWU\ LQGXVWU\6LQFHKLJK FRQFHQWUDWLRQVRI FOHQEXWHURO UHVLGXHV LQ HGLEOH WLVVXHV
PD\FDXVHLQWR[LFDWLRQIRUFRQVXPHUGHWHFWLRQRIWKLVDQWLELRWLFLVYHU\HVVHQWLDO
&RQGXFWLQJ SRO\PHU FRPSRVLWH &3& EDVHG RQ SRO\HWK\OHQHGLR[\WKLRSKHQH 3('27 ZDV
UHSRUWHGWRKDYHLPSURYHGHOHFWURFKHPLFDOSHUIRUPDQFH,WKDVDSRWHQWLDOWREHXVHGDVVHQVRUSODWIRUP
GXHWRLWVH[FHOOHQFHFRQGXFWLYLW\>@0HDQZKLOHFDUERQQDQRWXEH&17KDVKXJHVXUIDFHDUHDVZKLFK
DFWLQJDVVXSSRUWLQJPDWUL[ IRUKLJKGHQVLW\ELRORJLFDOHOHPHQWVDWWDFKPHQWVXFKDV IRUHQ]\PHV'1$
DQG DQWLERG\ DWWDFKPHQW $W WKH VDPH WLPH &17 PD\ FRQIHU JRRG FRQGXFWLYLW\ IRU HOHFWURFKHPLFDO
GHWHFWLRQ>@&17DOVRPD\DFWVDVDJRRGILOOHULQIRUPDWLRQRI&3&,QWKLVVWXG\FKURQRDPSHURPHWU\
WHFKQLTXH ZDV FKRVHQ WR HOHFWURSRO\PHUL]H ('27 WR 3('27 DQG K\EULGL]H ZLWK 0:&17
(OHFWURFKHPLFDO FKDUDFWHUL]DWLRQ WHFKQLTXHV VXFK DV FKRURQRDPSHURPHWU\ &$ LV XVHG WR VWXG\ WKH
DSSOLFDELOLW\RIWKLVK\EULGFRPSRVLWHIRUELRVHQVRUDSSOLFDWLRQV
([SHULPHQWDO
2.1. Preparation of Sensors Platform 
0:&17 ZDV WUHDWHG ZLWK DFLG PL[WXUH WR LQWURGXFH K\GUR[\O DQG FDUER[\O JURXS0:&17 ZDV
LPPHUVHGLQDPL[WXUHRIFRQFHQWUDWHGVXOSKXULFDFLG+62DQGFRQFHQWUDWHGQLWULFDFLG+12LQ
UDWLR DQG NHSW DW URRP WHPSHUDWXUH RYHUQLJKW >@ )XQFWLRQDOL]HG 0:&17 I0:&17 ZDV IXUWKHU
ZDVKHGZLWKGHLRQL]HGZDWHUXQWLOQHXWUDOS+ZDVREWDLQHG7KHI0:&17ZDVWKHQGULHGLQDQRYHQDW
&
+\EULGL]DWLRQRI3('27I0:&17ZDVSHUIRUPHGE\HOHFWURSRO\PHUL]DWLRQRI('27LQWKHSUHVHQFH
RII0:&17VXVSHQVLRQRQWRLQGLXPWLQR[LGH,72JODVVSUHOLPLQDU\VWXG\DQGVFUHHQSULQWHGFDUERQ
HOHFWURGH 63&(E\FKURQRDPSHURPHWU\ &$$OOHOHFWURFKHPLFDOH[SHULPHQWVZHUHSHUIRUPHGXVLQJ
SRWHQWLRVWDW $XWRODE3*67$70 0HWURKP LQ D WKUHHHOHFWURGH V\VWHPZLWK$J$J&O DV UHIHUHQFH
HOHFWURGHDQGSODWLQXPFRLODVFRXQWHUHOHFWURGH7KHSURSHUWLHVRI3('27I0:&17ZHUHFKDUDFWHUL]HG
E\F\FOLFYROWDPPHWU\&9)RXULHUWUDQVIRUPLQIUDUHG)7,5DQGVFDQQLQJHOHFWURQPLFURVFRS\6(0
2.2. Preparation of Immunosensors 
&RQVWUXFWLRQ RI FOHQEXWHURO LPPXQRVHQVRUV ZDV VWDUWHG E\ DFWLYDWLRQ RI WKH 3('27I0:&17
PRGLILHG HOHFWURGH VXUIDFH WKURXJK ('&61+6 FURVVOLQN PHWKRG WR LPPRELOL]H DQWLFOHQEXWHURO
DQWLERG\$E7KHHOHFWURGHZDVWKHQLQFXEDWHGZLWK$EVROXWLRQDW&IRUKIROORZHGE\ULQVLQJ
ZLWKSKRVSKDWHEXIIHUVDOLQHZLWK7ZHHQ3%67%ORFNLQJZDVFDUULHGRXWE\LQFXEDWLRQZLWKGU\
PLONDW&IRUPLQIROORZHGE\ULQVLQJZLWK3%67
2.3. Detection of Clenbuterol 
'HWHFWLRQRIFOHQEXWHUROZDVSHUIRUPHGE\LQWURGXFLQJWKHFOHQEXWHUROVROXWLRQWRWKHLPPXQRVHQVRUV
ZLWK  UDWLR RI FOHQEXWHURO DQG FOHQEXWHURO+53 VROXWLRQ DW  & IRU  K IROORZHG E\ ULQVLQJZLWK
3%677HWUDPHWK\OEHQ]LGLQH70%ZDVGURSSHGRQWRWKHLPPXQRVHQVRUVDQG&$ZDVUHFRUGHG
 
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 5HVXOWVDQG'LVFXVVLRQ
)XQFWLRQDOL]DWLRQRI0:&17ZLWKK\GUR[\OJURXSLQWKLVVWXG\LV UHTXLUHGWRLQFUHDVHWKHDELOLW\RI
0:&17 WR GLVVROYH LQ GHLRQL]HG ZDWHU 0HDQZKLOH DGGLWLRQ RI FDUER[\O JURXS LV WR DOORZ WKH
LPPRELOL]DWLRQ RI $E WKURXJK ('&61+6 FURVVOLQNHU 0RGLILFDWLRQ RI HOHFWURGH VXUIDFH ZLWK
3('270:&17 KDV LPSURYHG WKH HOHFWURFKHPLFDO SURSHUWLHV WKURXJK WKH LQFUHDVLQJ RI SHDN FXUUHQW
IURPP$WRP$DQGGHFUHDVLQJRISHDNSRWHQWLDOVHSDUDWLRQIURPP9WRP9
FRPSDUHG ZLWK WKH XQPRGLILHG HOHFWURGH EDVHG RQ &9 PHDVXUHPHQW LQ SRWDVVLXP IHUULF\DQLGH
.>)H&1@$SSOLFDWLRQRIWKLVPRGLILHGHOHFWURGHDVVHQVRUVSODWIRUPIRUGHYHORSPHQWRIFOHQEXWHURO
LPPXQRVHQVRUV ZDV VWXGLHG 7KH LPPXQRVHQVRU ZDV GHYHORSHG EDVHG RQ GLUHFW FRPSHWLWLYH PHWKRG
LPPXQRDVVD\ )LJXUH D /DUJH ELQGLQJ VLWH SURYLGHG E\ FDUER[\ODWHG 0:&17 DOORZV PRUH
LPPRELOL]DWLRQ RI $E RQWR PRGLILHG HOHFWURGH VXUIDFH WKURXJK ('&61+6 FURVVOLQN PHWKRG WKXV
LQFUHDVH WKH LPPXQRVHQVRUV VHQVLWLYLW\$QWLELRWLF FOHQEXWHURO ZDV FDSWXUHG E\$E GXULQJ FRPSHWLWLYH
DVVD\ ZLWK FOHQEXWHURO+53 $V WKH VXEVWUDWH 70% DGGHG RQWR WKHPRGLILHG HOHFWURGH VXUIDFH UHGR[
UHDFWLRQ ZLWK FOHQEXWHURO+53 ZDV RFFXUUHG DQG WKH VLJQDO SURGXFHG ZDV PHDVXUHG E\ &$  %HVW
SRWHQWLDOLQWKLVV\VWHP9ZDVGHWHUPLQHGE\VWHSDPSHURPHWU\WKURXJKWKHUDWLRRIVLJQDOFXUUHQW
WR EDFNJURXQG FXUUHQW %DVHG RQ SUHOLPLQDU\ VWXG\ JUDSK VWDQGDUG FOHQEXWHURO LPPXQRVHQVRU VKRZV
SURPLVLQJUHVXOWZLWK5 DVLQ)LJXUHE
)LJXUHD'LUHFWFRPSHWLWLYHPHWKRGLPPXQRDVVD\E*UDSKVWDQGDUGFOHQEXWHUROLPPXQRVHQVRUV
 &RQFOXVLRQ
&RPELQDWLRQ RI 3('27 DQG &17 KDV LPSURYHG WKH HOHFWURFKHPLFDO SURSHUWLHV RI WKH PRGLILHG
HOHFWURGH E\ LQFUHDVLQJ WKH SHDN FXUUHQW DQG ORZHULQJ WKH SHDN VHSDUDWLRQ SRWHQWLDO FRPSDUHG ZLWK
XQPRGLILHG HOHFWURGH WKXV SURGXFHG SURPLVLQJ VHQVRUV SODWIRUP ,PPXQRVHQVRUV GHYHORSHG IURP WKLV
VHQVRUV SODWIRUP KDV VKRZQ SRWHQWLDO WR EH DSSOLHG LQ GHWHFWLRQ RI DQWLELRWLF FOHQEXWHURO 'LUHFW
FRPSHWLWLYHLPPXQRDVVD\ZDVVXFFHVVIXOO\DSSOLHGLQWKHSURGXFWLRQRIFOHQEXWHUROLPPXQRVHQVRUV
$FNQRZOHGJHPHQWV
7KH DXWKRUVZRXOG OLNH WR WKDQN8QLYHUVLWL 3XWUD0DOD\VLD 830 DQG0DOD\VLDQ$JULFXOWXUDO
5HVHDUFKDQG'HYHORSPHQW,QVWLWXWH 0$5',IRUIXQGLQJWKLVUHVHDUFKSURMHFW
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